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FOREWORD
This report is the fourth in the series under Contract NAS 9 ­ 7830.
The measurements for the high-resolution lunar maps are 70 per-
cent complete ., and the production of the subarea maps is under
way. The investigation of ephemeris anomalies and the interpre-
tation of the data have begun.
We have been informally advised that NASA will extend the comple-
tion date for this work through the end of calendar 1.969 as a result
of their request that we add to this task an intensive program of
topographic radar measurements on Mans, centered around the
31 May — 1 June apposition. A change in scope and funding to the
existing contract to cover this work ies
 in progress, The Mars ob-
servations have been placed on -the Haystack schedule beginning in
early May.
9RADAR STUDIES OF THE MOON
I. SUMMARY
Of the 227 4C ZAC areas on the near hemisphere, 157 (70 percent) had been
successfully measured, with apparently good data resulting, by 1 April. An
additional 13 areas (out of 36) in ZAC Ring 10.0 have also been measured as
the moon's libration has permitted. Computer post-processing is still lagging,
in part because of program difficulties. To date, however, 43 ZAC areas have
been processed completely, 38 of them in both the polarized and depolarized
returns.
Ephemeris discrepancies are still observed and are being investigated
with the help of our improved resolution in both delay and doppler.
P
II. PLANNING OF THE OBSERVATIONS
The Planetary Radar Box was on the antenna through 7 February and again
from 10 March through the end of this reporting period. We were able to make
use of a relatively large fraction of the available time for our lunar mapping
observatio-is, thanks to a powerful set of long-range and short-range planning
programs that could be computer-generated well in advance of our scheduled
PR Box time. Figure 1 is a sample page from a short-range planning run
showing for each half-hour the available range resolution (in units of 10 micro-
seconds) for each of those ZAC areas that also satisfy our other criteria for
an acceptable map. These criteria are: a
(a) Range and doppler resolution strips to be within 15 degrees
of a right angle to each other,
(b) No ambiguous points to be within the antenna beam,
(c) For ZAC Ring 10.0, at least half the area to be observable
on the sub -earth hemisphere.
*Stated, erroneously, as 224 in QPR t4o.03, 15 January 1969.
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In addition to this detailed planning sheet, there is a long-range form.
(Fig. 2) that shows the available ZAP' areas for an entire month on a daily basis
from which we can decide on our requests for observing time on the antenna.
Finally, after a day's operation has been blocked out, a detailed plan (Fig. 3)
is computed a day or two in advance that presents all pertinent settings for the
radar sequencer, the antenna pointing coordinates, and check values for an-
tenna and doppler tracking for each 5 minutes of the observing period. With
•	 this plan, we are able to recover from a bad start in time for the next 5- minute
nark and can reduce to a minincium any time lost because of operator errors,
Actually, there have been fewer operator errors from the start than. are to be
expected in such a complex operation.
III. PROGRESS OF THE OBSERVATIONS
During this quarter, 14 additional ZAC areas were measured, bringing
to 157 ;'" the total in Rings 1.0 through 9.0 and adding 13 of the 36 areas in
Ring 10.0 (on the far-side hemisphere), Figure 4 is a diagram of the areas
that have been observed so far. The heavy outlines in Fig. 4 indicate the 42
near-side ZAC's which have been carried through to finished photographs, 38
of them to a pair of photographs in both polarizations. We obtained excellent
resolution from the first through the 8th rings and a good but noisy return from
the 9th ring. For the 10th ring, although features can be discerned, the back-
scattered signal is so weak that most of the map is covered by noise "snow,"
A few more 10th-ring areas will be attempted, but only where the esults are
expected to be unusually interesting (e.g., Mare Smythii).
We have begun to examine some of the maps but will not report on any in-
terpretation of our results at this time.
t
	
	
It should perhaps be reported that several weeks were spent in February
on revisions of the mapping program (Phase 3 of the data reduction), mainly
•	 to set up all four conformal map projections and equalize the scale factors be-y
tween them, and also to permit us to edit bad spots from the data tapes.
*the ZAC 5.22 data measured during the last quarter were found to be defective and had
to be discarded.
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Fig. 4, Lunar ZAC area (shaded areas have been observed as of 12 Apri l
 1969)..
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IV.EPHEMERIS DISCREPANCIES
Chi 25 March, we were scheduled for f5 consecutive hours of observations,
during which time we took calibration measurements on the leading edge of the
moon (center of the visible disk) at 2-hour intervals, The results of these
measurements were corrected for instrumental effects and then compared with
the Eckert (JPL integrated) lunar ephemeris for both doppler and range. Dis-
crepancies were found in both quantities. "Phe analysis is not yet complete and
several more days'
.
 data have yet, to be reduced, but it appears that both quan-
tities are time-varying and also, surprisingly, that the time-der .vative of the
range error does not equal the doppler error. The possibility still exists that
an instrumental effect is causing the discrepancies, but no type of error has
been determined that would produce these results.
V. PLANS FOR NEXT QUARTER
The observations for the map should be completed early in the next quarter
except for any need to replace bad data. However, it does not appear that the
post-processing can be finished before September at the earliest, in part be-
cause of the pressure of other radar observations on the computer for real-
time processing and in part because of the computer time th;,i.1 has been needed
for debugging programs.
The ephemeris discrepancies will be investigated in ty^. ,jre detail in the hope
of providing precise data to assist in the re-vision of existing lunar ephemerides.
In addition, work will be started on the interpretation of the results in
terms of physical characteristics of th-e lunar surface on a detailed, rather
than a statisticz-31, basis.
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